The structures of the 1:1 hydrated proton-transfer compounds of isonipecotamide (piperidine-4-carboxamide) with oxalic acid, 4-carbamoylpiperidinium hydrogen oxalate dihydrate, C 6 H 13 N 2 O + ÁC 2 HO 4 À Á2H 2 O, (I), and with adipic acid, bis(4carbamoylpiperidinium) adipate dihydrate, 2C 6 H 13 N 2 O + Á-C 6 H 8 O 4 2À Á2H 2 O, (II), are three-dimensional hydrogen-bonded constructs involving several different types of enlarged waterbridged cyclic associations. In the structure of (I), the oxalate monoanions give head-to-tail carboxylic acid O-HÁ Á ÁO carboxyl hydrogen-bonding interactions, forming C(5) chain substructures which extend along a. The isonipecotamide cations also give parallel chain substructures through amide N-HÁ Á ÁO hydrogen bonds, the chains being linked across b and down c by alternating water bridges involving both carboxyl and amide O-atom acceptors and amide and piperidinium N-HÁ Á ÁO carboxyl hydrogen bonds, generating cyclic R 4 3 (10) and R 3 2 (11) motifs. In the structure of (II), the asymmetric unit comprises a piperidinium cation, half an adipate dianion, which lies across a crystallographic inversion centre, and a solvent water molecule. In the crystal structure, the two inversion-related cations are interlinked through the two water molecules, which act as acceptors in dual amide N-HÁ Á ÁO water hydrogen bonds, to give a cyclic R 4 2 (8) association which is conjoined with an R 4 4 (12) motif. Further N-HÁ Á ÁO water , water O-HÁ Á ÁO amide and piperidinium N-HÁ Á ÁO carboxyl hydrogen bonds give the overall three-dimensional structure. The structures reported here further demonstrate the utility of the isonipecotamide cation as a synthon for the generation of stable hydrogenbonded structures. The presence of solvent water molecules in these structures is largely responsible for the non-occurrence of the common hydrogen-bonded amide-amide dimer, promoting instead various expanded cyclic hydrogen-bonding motifs.
The structures of the 1:1 hydrated proton-transfer compounds of isonipecotamide (piperidine-4-carboxamide) with oxalic acid, 4-carbamoylpiperidinium hydrogen oxalate dihydrate, C 6 H 13 N 2 O + ÁC 2 HO 4 À Á2H 2 O, (I), and with adipic acid, bis(4carbamoylpiperidinium) adipate dihydrate, 2C 6 H 13 N 2 O + Á-C 6 H 8 O 4 2À Á2H 2 O, (II), are three-dimensional hydrogen-bonded constructs involving several different types of enlarged waterbridged cyclic associations. In the structure of (I), the oxalate monoanions give head-to-tail carboxylic acid O-HÁ Á ÁO carboxyl hydrogen-bonding interactions, forming C(5) chain substructures which extend along a. The isonipecotamide cations also give parallel chain substructures through amide N-HÁ Á ÁO hydrogen bonds, the chains being linked across b and down c by alternating water bridges involving both carboxyl and amide O-atom acceptors and amide and piperidinium N-HÁ Á ÁO carboxyl hydrogen bonds, generating cyclic R 4 3 (10) and R 3 2 (11) motifs. In the structure of (II), the asymmetric unit comprises a piperidinium cation, half an adipate dianion, which lies across a crystallographic inversion centre, and a solvent water molecule. In the crystal structure, the two inversion-related cations are interlinked through the two water molecules, which act as acceptors in dual amide N-HÁ Á ÁO water hydrogen bonds, to give a cyclic R 4 2 (8) association which is conjoined with an R 4 4 (12) motif. Further N-HÁ Á ÁO water , water O-HÁ Á ÁO amide and piperidinium N-HÁ Á ÁO carboxyl hydrogen bonds give the overall three-dimensional structure. The structures reported here further demonstrate the utility of the isonipecotamide cation as a synthon for the generation of stable hydrogenbonded structures. The presence of solvent water molecules in these structures is largely responsible for the non-occurrence of the common hydrogen-bonded amide-amide dimer, promoting
Introduction
The Lewis base piperidine-4-carboxamide (isonipecotamide, INIPA) has provided a considerable number of structures of salts with carboxylic acids, the majority of which are anhydrous although prepared commonly in an aqueous ethanolic medium (Smith & Wermuth, 2010a , 2011a . Present in ca 50% of the mostly low-dimensional hydrogen-bonded structures of salts in this series are examples of the head-to-head cyclic dimer association involving the amide group [graph set R 2 2 (8); Etter et al., 1990] (the 'amide-amide' motif; Allen et al., 1998) . Less common is the lateral head-to-tail cyclic association involving dual piperidinium N-HÁ Á ÁO amide hydrogen bonds [graph set R 2 2 (14)] (the isonipecotamide motif), such as found in the structure of the 2-nitrobenzoate salt (Smith & Wermuth, 2010b) . Hydrated salts are less common in this series, with only six reported among a total of 26 known structures. These are the acetate (a monohydrate; Smith & Wermuth, 2010c) , the phenylacetate (a hemihydrate; Smith & Wermuth, 2010d) , the terephthalate (a dihydrate; Smith & Wermuth, 2011a) , the indole-2-carboxylate (a hemihydrate) and the indole-3-carboxylate (a dihydrate) (Smith & Wermuth, 2011b) , and the picolinate (a 0.25-hydrate; Smith & Wermuth, 2012) . Formation of 2:1 INIPA salts with the diprotic organic acids is also unusual, considering the 1:1 reagent stoichiometry employed in the preparations, with only two reported examples, the terephthalate (Smith & Wermuth, 2010a) and the bipyridine-4,4 0 -disulfonate (Smith et al., 2010) .
However, our 1:1 reaction of INIPA with a series of aliphatic dicarboxylic acids, employing similar conditions to those used in the preparation of the previous salts, provided two examples of salt hydrates, one of which was a 2:1 salt. These salts are with oxalic acid [4-carbamoylpiperidinium hydrogen oxalate dihydrate, (I)] and adipic acid [bis(4carbamoylpiperidinium) adipate dihydrate, (II)]. The double deprotonation in the formation of the 2:1 salt in the case of (II) is consistent with the relative acid dissociation constants organic compounds pK a1 and pK a2 of adipic acid (4.43 and 5.42, respectively) compared with oxalic acid (1.27 and 4.28, respectively). The structures of (I) and (II) are reported herein. In both, hydrogen-bonding associations give three-dimensional structures, with an absence of either the previously described cyclic 'amide-amide' hydrogen-bonding motif or the uncommon cyclic 'isonipecotamide' motif. However, present in all structures are several different types of enlarged water-bridged cyclic associations.
Experimental

Synthesis and crystallization
The title compounds were synthesized by heating together under reflux for 10 min, piperidine-4-carboxamide (isonipecotamide) (0.13 g, 1 mmol) and oxalic acid dihydrate (0.13 g, 1 mmol) [for (I)] or adipic acid (0.15 g, 1 mmol) [for (II)] in ethanol-water (50:50 v/v, 50 ml). After concentration to ca 30 ml, partial room-temperature evaporation of the hotfiltered solutions gave colourless plates of (I) (m.p. 366 K) or prisms of (II) (m.p. 353 K), from which specimens were cleaved for the X-ray analyses.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . H atoms involved in hydrogen-bonding interactions were located by difference methods and their positional and isotropic displacement parameters were refined. Other H atoms were included in the refinements at calculated positions [C-H = 0.99 (methylene) or 1.00 Å (methine)] using a riding-model approximation, with U iso (H) = 1.2U eq (C).
Results and discussion
In the structure of (I) ( Fig. 1 ), the oxalate monoanions give C(5) head-to-tail carboxylic acid O-HÁ Á ÁO carboxyl hydrogenbonding interactions, forming chains which extend along a ( Figs. 2 and 3 ). This type of chain substructure is common among hydrogen phthalate salt structures, although in those substructures the motif is C(7) (Glidewell et al., 2005; Smith & Wermuth, 2010b 
Figure 1
The molecular conformation and atom-numbering scheme for the INIPA cation, the oxalate monoanion and the solvent water molecules in (I). Displacement ellipsoids are drawn at the 40% probability level and interspecies hydrogen bonds are shown as dashed lines.
chains are INIPA chain substructures generated through N-HÁ Á ÁO hydrogen bonds between the amide groups of head-tohead INIPA cations. The links between the chains across b are provided by alternating O-HÁ Á ÁO hydrogen-bond bridges involving both water molecules (O1W and O2W) with carboxyl and amide O-atom acceptors, together with amide N-HÁ Á ÁO carboxyl and piperidinium N-HÁ Á ÁO carboxyl hydrogen bonds (Table 2) . These interactions generate conjoined cyclic ring motifs [graph sets R 3 4 (10) and R 2 3 (11)], best seen in Fig. 2 .
The three-dimensional structure is generated through waterwater hydrogen-bonding associations extending down c. There is also an intramolecular piperidinium-carboxyl N-HÁ Á ÁO interaction in the structure [N1AÁ Á ÁO21 = 2.900 (2) Å and N-HÁ Á ÁO = 110.8 (14) ] and a water-carboxyl interaction
The carboxyl groups of the oxalate monoanion are rotated only slightly out of the molecular plane [O12-C1-C2-O22 = À14.1 (2) ].
In the structure of the 2:1 INIPA salt hydrate with adipic acid, (II) (Fig. 4) , the asymmetric unit comprises a piperidinium cation, half of an adipate anion, which lies across a crystallographic inversion centre, and a solvent water molecule (O1W). In the crystal structure, the two inversionrelated cations are interlinked through two similarly related water molecules, which act as acceptors in dual amide N- The cyclic R 3 4 (10) and R 2 3 (11) cation-anion-water hydrogen-bonding associations and C(5) anion-anion chain structures in (I), showing hydrogen-bonding associations as dashed lines. Non-associative H atoms have been omitted. For symmetry codes, see Table 2 .
Figure 3
The three-dimensional hydrogen-bonded network structure of (I), showing hydrogen-bonding associations as dashed lines. Non-interactive H atoms have been omitted. (For symmetry codes, see Table 2 .)
Figure 4
The molecular conformation and atom-numbering scheme for the INIPA cation, the adipate dianion and the solvent water molecule in the asymmetric unit of (II). Displacement ellipsoids are drawn at the 40% probability level and inter-species hydrogen bonds are shown as dashed lines. [Symmetry code: (i) Àx + 1, Ày + 2, Àz.] HÁ Á ÁO hydrogen bonds, to give a centrosymmetric cyclic association [graph set R 2 4 (8)] (Table 3) . A second conjoined cyclic association [graph set R 4 4 (12)], also involving the amide group and the two water molecules but with both N-HÁ Á ÁO water and water O-HÁ Á ÁO amide hydrogen bonds, links the substructures which extend down b. The piperidinium group gives N-HÁ Á ÁO hydrogen-bonding links to O-atom acceptors (O11) of the adipate dianion, giving chain extension along b as well as chain linking across a through atom O12, to give the three-dimensional structure (Fig. 5 ).
Within the INIPA cations in both salts, the amide side-chain conformations are similar, with comparative values for the minimum C3A(C5A)-C4A-C41A-O41A ring-to-amide side-chain torsion angle of 47.7 (2) in (I) and À49.83 (7) in (II).
The structures reported here further demonstrate the utility of the isonipecotamide cation as a synthon for the generation of stable hydrogen-bonded structures. Unlike the majority of previous examples, the amide-amide hydogen-bonding motif, which is present in 13 of the 26 known structures of protontransfer salts of INIPA, is not found in any of the present examples. However, the presence of solvent water molecules in these structures is largely responsible for this non-occurrence, promoting instead enlarged cyclic hydrogen-bonding motifs. The three-dimensional hydrogen-bonded structure of (II), showing hydrogen-bonding associations as dashed lines. Non-associative H atoms have been omitted. For symmetry codes, see Table 3 . Table 3 Hydrogen-bond geometry (Å , ) for (II). Hydrogen-bond geometry (Å , ) for (I). (17) 169 (2) Symmetry codes: (i) x þ 1 2 ; Ày þ 1 2 ; z À 1 2 ; (ii) x À 1; y; z; (iii) Àx þ 3 2 ; y þ 1 2 ; Àz þ 1 2 ; (iv) x þ 1 2 ; Ày þ 1 2 ; z þ 1 2 ; (v) Àx þ 1; Ày; Àz þ 1.
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Special details
Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and torsion angles Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) O41A 0.0434 (7) 0.0230 (6) 0.0323 (7) −0.0008 (5) 0.0182 (6) −0.0029 (5) N1A 0.0316 (8) 0.0168 (7) 0.0283 (8) −0.0015 (6) 0.0068 (6) −0.0004 (6) N41A 0.0396 (9) 0.0195 (8) 0.0352 (9) −0.0009 (6) 0.0178 (7) −0.0008 (6) C2A 0.0364 (10) 0.0279 (9) 0.0261 (10) −0.0075 (7) −0.0034 (8) −0.0019 (7) C3A 0.0305 (9) 0.0265 (9) 0.0288 (10) −0.0021 (7) −0.0073 (7) 0.0036 (7) C4A 0.0313 (9) 0.0200 (8) 0.0212 (9) −0.0007 (6) 0.0090 (7) −0.0015 (6) C5A 0.0208 (8) 0.0232 (8) 0.0345 (10) −0.0010 (6) 0.0003 (7) 0.0004 (7) C6A 0.0253 (9) 0.0260 (9) 0.0434 (12) 0.0039 (7) 0.0043 (8) 0.0018 (8) C41A 0.0272 (8) 0.0232 (8) 0.0187 (8) 0.0001 (6) 0.0027 (7) 0.0006 (6) O11 0.0215 (6) 0.0217 (6) 0.0647 (10) −0.0013 (5) 0.0124 (6) −0.0004 (6) O12 0.0232 (6) 0.0203 (6) 0.0428 (8) 0.0015 (4) 0.0088 (5) 0.0003 (5) O21 0.0275 (7) 0.0229 (7) 0.0885 (13) 0.0012 (5) 0.0181 (7) −0.0056 (7) O22 0.0188 (6) 0.0235 (6) 0.0709 (11) 0.0000 (5) 0.0095 (6) −0.0038 (6) C1 0.0192 (8) 0.0198 (8) 0.0267 (9) −0.0006 (6) 0.0032 (6) −0.0023 (6) C2 0.0217 (8) 0.0194 (8) 0.0341 (10) 0.0004 (6) 0.0058 (7) 0.0012 (7) O1W 0.0310 (7) 0.0273 (7) 0.0379 (8) −0.0009 (6) 0.0108 (6) 0.0050 (6) O2W 0.0296 (7) 0.0247 (6) 0.0331 (7) −0.0013 (5) 0.0075 (6) 0.0045 (5) Geometric parameters (Å, º)
O41A-C41A 1.239 (2) N41A-H41A 0.88 (2) O11-C1 1.254 (2) C2A-C3A 1.520 (2) where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.20 e Å −3 Δρ min = −0.16 e Å −3 Special details Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the estimation of distances, angles and torsion angles Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. O41A 0.0225 (6) 0.0279 (5) 0.0512 (7) −0.0103 (4) −0.0025 (5) 0.0005 (5) N1A 0.0200 (6) 0.0179 (6) 0.0287 (6) −0.0068 (5) −0.0011 (5) 0.0026 (5) N41A 0.0269 (7) 0.0191 (6) 0.0344 (7) −0.0080 (5) 0.0003 (5) 0.0018 (5) C2A 0.0309 (8) 0.0323 (8) 0.0207 (7) −0.0119 (6) 0.0042 (6) −0.0041 (6) C3A 0.0335 (8) 0.0287 (8) 0.0224 (7) −0.0129 (6) 0.0007 (6) −0.0075 (6) C4A 0.0179 (7) 0.0179 (7) 0.0266 (7) −0.0050 (5) −0.0016 (5) −0.0022 (5) C5A 0.0351 (8) 0.0230 (7) 0.0202 (7) −0.0119 (6) −0.0003 (6) −0.0028 (5) supporting information sup-7
Acta Cryst. (2013). C69, 1192-1195 C6A 0.0383 (9) 0.0247 (7) 0.0258 (7) −0.0136 (6) −0.0034 (6) −0.0049 (6) C41A 0.0229 (8) 0.0193 (7) 0.0249 (7) −0.0065 (6) 0.0009 (5) −0.0047 (5) O11 0.0238 (6) 0.0345 (6) 0.0462 (7) −0.0147 (5) −0.0082 (5) 0.0131 (5) O12 0.0242 (5) 0.0294 (5) 0.0297 (6) −0.0043 (4) −0.0009 (4) 0.0065 (4) C1 0.0228 (7) 0.0168 (6) 0.0261 (7) −0.0058 (5) −0.0004 (6) −0.0022 (5) C2 0.0223 (7) 0.0219 (7) 0.0308 (8) −0.0073 (6) 0.0006 (6) 0.0005 (6) C3 0.0224 (7) 0.0194 (6) 0.0248 (7) −0.0076 (5) 0.0007 (5) −0.0001 (5) O1W 0.0321 (6) 0.0264 (6) 0.0322 (6) −0.0140 (5) −0.0024 (4) 0.0011 (4) Geometric parameters (Å, º) 
